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Abstract 
Energy have been always on the forefront of every nation’s priority list, more importantly, affordable energy is one of the main 
objectives for every country. Hence, the fracking process have dominated the last decade because of its contribution to a more 
affordable energy. In the meantime the fracking process proved to have several negative impacts on the environmental 
sustainability. Therefore, the net cost of fracking have to be identified and its benefits have to be weighed against its negative 
sustainability impacts as well. This paper presents an identification of the major cost centers and the impacts needs assessment for 
the fracking process across the phases of its Life Cycle from the exploration and acquisition to the well completion. The paper is 
also serving as a step forward to estimate the real value and worth of the fracking process as a whole. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
and Construction 2015. 
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1. Introduction and Background 
In the last lustrum, the United States (US) has overtaken Saudi Arabia and Russia as the biggest oil and gas producer 
in the world with 14,021 thousands oil barrel per day compared to 11,624 thousands oil barrel per day for Saudi Arabia 
and 24,334 BCF of natural gas compared to 22,139 BCF for Russia [1]. The oil and gas industry has reached new 
investment records with $200 billion annual investment and with leading corporations like Exxon Mobile and 
Chesapeake spending approximately $120 billion in 2014 [2; 3]. This booming oil and gas industry have been 
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attributed to the shale discovery and drilling rush that have been taken place all around the U.S. (e.g. Pennsylvania, 
Texas, Colorado Wyoming, North Dakota, etc...) and behind this whole development is the controversial technology 
of hydraulic fracturing, commercially know as fracking [4]. 
In 2013, it was estimated that more than 82,000 fracking wells have been drilled in the last decade (since 2005), 
with more than 27% of these wells drilled in the last 1 year (since 2012) [5]. However, it was reported in 2015 that 
half of the fracking companies in the US will be closed or sold by the end of that year [6] which is raising many about 
the feasibility of fracking. Moreover, what is the impacts and the cost incurred regarding the sustainability and the 
environment. The many impacts that needs to be assessed in addition to the original costs of the fracking process can 
be summarized as: (1) Water Consumption, (2) Air Pollution, (3) Water contamination, (4) Infrastructure use, and 
others [4]. These impacts should be identified, assessed and then quantified along each phase of the life cycle of the 
fracking process. Therefore, the fracking process should be broken down and impacts and costs should be identified 
in each phase. Thus, the main objective of this paper will be focused on identifying the phases of the fracking process 
and most of the impacts and preliminary cost centers along each phases. 
2. Life Cycle phases of the fracking process 
This section will identify the different phases of the life cycle of the fracking process which starts from the 
exploration process and ends with the refining and processing before transmission of the final product to the end-
consumer. Although fracking as a concept have been introduced in 1947, the current fracking methodology is 
considered relatively new since it combines three different technologies represented in the hydraulic fracturing, 
directional (horizontal) drilling and clustered pads [7; 8]. 
2.1. Exploration and Acquisition 
In general, the first phase of any oil and gas drilling process starts by exploring for the raw material (oil and gas 
reserves) represented in forms such as the shale formations. After acquiring an exploration permit, the exploration 
phase are mainly dependent on the geoscience to identify the areas of potential and assess the source maturity (raw 
material reservoir type). During the exploration phase, geoscientists and geo-engineers develop a geological 
framework and define the rock formation, fluid and pressure properties. Based on these information, they proceed with 
estimating the estimated ultimate recovery (EUR) of the source and start drilling testing wells [9]. If the exploration 
yielded the expected results, more permits might be necessary (varies by state) and the land acquisition process ensues. 
The land acquisition process is mainly a lease negotiation between energy companies’ salesmen and landowners where 
the energy companies will pay lease for the acquired land to be drilled and royalties for the gas extracted [10].  
2.2. Extraction and Production 
The second phase of the fracking life cycle is the production phase. This phase is the longest, most important, most 
impactful and the most complicated process of all the main phases. Therefore, most of the literature and the analysis 
focus will be driven towards this phase. This phase has a lot of different processes that can be summarized as in the 
following: 
x Site Preparation: This process includes building the access route to the site, building the well(s) pad, erosion 
controls and excavating and lining of pits (impoundments) along with other necessary infrastructure e.g. 
transmission pipelines. 
x Drilling Operations: This process encompasses the vertical and horizontal directional drilling of the wells. 
One option is to drill the vertical portions of all proposed wells first with a smaller rig until reaching the kick-
off-point (KOP) where drilling is directed horizontally with a larger rig capable of drilling the turn to 
horizontal & the full length of the horizontal bore. Another option is to start with a big drill rig that will 
complete both vertical & horizontal wells depending on the acreage required to cover. The drilling operation 
is followed by the casing and cementing procedures to encase the well. 
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x Hydraulic Fracturing: hydraulic fracturing is the phase where large amount of fracking fluid consisting of 
water, sand and chemicals is injected in the ground at very high pressures to cause fractures that will be held 
in place by sand and release the natural gas from inside. This process normally happens on a multistage 
process. 
x Well Completion: Once fracking stimulates the well, the completion process includes flaring of the initial 
emissions, well pad clearance and storage tanks are provided for condensation. Once the well is completed, 
all the plugs are pulled, the well head is installed and the gas flow up the well and into the pipelines. 
2.3. Refining and Processing 
Although, it is not the focus of this research, refining and processing is an important part of the life cycle of shale 
gas. Shale gas is gathered from wells and transmitted through (6 to 20) inch diameter lines to processing plants. Natural 
gas go through an extensive processing and refining stages as in the following: (1) Gas-Liquid Separation, (2) Acid 
gas removal, (3) Dehydration, (4) Mercury and Nitrogen removal and (5) Demethanizer that separate Natural gas 
liquids and quality gas. This quality gas will be fed into another transmission pipeline system from the processing 
plant, through the distribution networks and to the end user [11; 12]. 
2.4. Remediation and Land Reclamation 
After the well is complete, there should be land restoration efforts to reach a minimal impact on the site and restore 
the previously undisturbed land contours. This can also include replanting indigenous grass using hydro-seeding. Once 
the wells are out of production, they are plugged with cement and the equipment are removed from the site and more 
land reclamation and restoration takes place [13; 14]. 
3. Environmental Impacts of fracking 
This section will recap most of the main environmental impacts of fracking in five different areas that were 
identified in [4]. These impacts are represented in water consumption, air pollution, water pollution, infrastructure use 
and other risk exposure items that can be magnified by fracking. Each area will be revisit in a later section to identify 
the main cost centers and the impacts that needs assessment. 
3.1. Water Consumption 
On average, a fractured well will consume about 6 million gallons of pressurized water, mixed with very large 
volumes of chemicals, sand, and other materials to keep the fissures of the well open for gas extraction [15]. According 
to a 2011 Environmental Protection Agency (EPA) study, approximately 35,000 fractured wells across the U.S 
required an estimated 70 to 140 billion gallons of water each year which is equivalent to the total amount of water 
used annually to support 40 to 80 cities with a population of 50,000 or about 1 to 2 cities of 2.5 million people [16]. 
The real dilemma is not just the consumption of water; it is the geographical locations of the wells and their impacts 
on drinking water resources where they can contribute to or propagate droughts. 
3.2. Air Pollution 
Natural gas is mainly composed of methane which is more potent than carbon dioxide and has a great probability 
to escape to the atmosphere during the fracking process. In 2012, the National Oceanic and Atmospheric 
Administration (NOAA) and the University of Colorado, Boulder conducted a study on the Denver- Julesburg basin 
where it was found that natural gas producers are losing an average of 4% of the gas to atmosphere [17]. Another 
study focused on the fractured-obtained shale gas’s greenhouse gas (GHG) footprint found that it was more than that 
produced by conventional fuels represented in conventional gas, coal and diesel oil over a 20 and a 100 year time 
frame [15]. According to EPA records, the fractured concentrated drilling areas in Wyoming have recoded an ozone 
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level of 124 parts per billion (ppb) which is more than twice the EPA’s maximum healthy limit of 75 ppb and more 
than the worst day in Los Angeles of 114 ppb [18]. 
3.3. Water Pollution 
Water resource contamination has been one of the most debated issues between the public and the oil and gas 
industry. Main causes of water contamination can be attributed to unlined and leaky storage pits of fracturing backflow 
liquids, faulty well cementing, and the possible connection of deep fractures with surface water. Howarth, et. al [7] 
attributed most of the water contamination in the fracking process to three main reasons: (1) accidental blowouts, (2) 
surface spills from storage facilities, and (3) improper disposal of fracking fluids. The industry debates this issue. 
However, there have been several cases reported of actual contamination specifically on the east coast of the US. A 
study that analyzed samples from over 60 private drinking water wells found methane in 51 of those overlying the 
Marcellus Shale in northeastern Pennsylvania and the Utica Shale in upstate New York in which the research team 
attributed the contamination to faulty cementing [8]. 
3.4. Infrastructure Use 
One of the most underrated impacts of the fracking process is its effect on infrastructure. The fracking process 
consumes vast amounts of water, chemicals, sand and heavy equipment which are hauled from their sources to the 
drilling sites by a large number of tanker and truck fleets. These heavy truck fleets accelerate the deterioration of road 
and bridge infrastructure. Therefore, the cost of infrastructure deterioration have to be calculated and accounted for in 
the fracking process evaluation. The Texas Department of Transportation (TXDOT) has reported a preliminary 
estimate of $2 billion dollars in damage to farm-to-market and local Texas roads by drilling activity not including the 
costs of maintaining interstate and state highways [19]. TXDOT also estimated that 1,200 loaded trucks are needed to 
bring one gas well into production, which is a traffic equivalent of about 8 million cars. In New York, the impacts on 
the transportation infrastructure were preliminary estimated at $0.4 billion dollars [20]. This road, bridge, and railway 
deterioration along with other infrastructure services such as the increased presence of emergency services and law 
enforcement to account for the industrial accidents that comes along with the drilling process need to be taken into 
consideration when evaluating the impacts of the fracking process. 
Table 1 summarize the aforementioned environmental impacts and their units of assessment. The unit of assessment 
represents the unit of measurement that can be used to determine the impacts across different phases of the fracking 
process life cycle. 
Table 1. Environmental Impacts Units of measure for Assessment 
Environmental Impact Unit for Assessment 
Deforestation Wells/Pad (average 1-16) and Pad size (average 3-10 Acres) 
Water Consumption 
Gallons/well consumption (gal./well) 
Water Scarcity Index (WSI) 
Air pollution 
GHGs (CH4, N2O, CO2 & O3) Kg/well or CO2e/MJ 
VOCs, PMX, SOx Kg/Well 
Water Pollution Toxicity concentrations and recycling costs 
Infrastructure Use Traffic equivalent, deterioration index ($/damage) 
References: [24; 25; 26; 27; 28; 29] 
4. Cost Centers and Environmental Impacts Assessment per Phase 
After identifying the impacts and their units of assessment. This section will determine the cost centers and 
environmental impacts to be assessed for each phase of the aforementioned life cycle of the fracking process. This 
study will be limited to the Exploration and acquisition, site preparation, drilling, hydraulic fracturing and well 
completion. The study will not address the transmission and refining processes. 
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4.1. Exploration and Acquisition: 
Exploration and acquisition costs are not considered very impactful. However, it is still important to understand in 
order to address the whole life cycle of the fracking process. Aside from the aforementioned geotechnical studies and 
the framework development, the main cost of this phase lies in the (1) permits, (2) leases, (3) royalties and the 
exploration equipment and personnel for exploratory drilling. The impacts that should be assessed during this phase 
are the emissions from the equipment and the water consumed for drilling testing wells, both are considerably 
negligible compared to the drilling and the fracturing phases.  
4.2. Site Preparation: 
During this phase, energy companies should adhere to the Reasonable and Prudent Practices for Stabilization 
(RAPPS) for oil and gas construction sites [21]. The initial costs of this phase are concentrated in the access roads 
construction, clearing the site area, earthwork (cut, fill & moving), the impoundment excavation and lining, and the 
well pad construction. The impacts of the site preparation phase is represented in the deforestation, infrastructure use 
for hauling heavy equipment and the air pollution from heavy equipment emissions during earth moving and well site 
preparation.   
4.3. Drilling: 
This phase represents the beginning of the very impactful and expensive phases of the fracking process. This phase 
initial costs are directed toward the drilling rig erection and the drilling operation requirements. Generally, drilling 
rigs are comprised of five main systems represented in hoisting (derrick, crown, traveling block, drill line etc.), Drive 
(motors, compounds, chains), circulating (pits, pumps, drill string, etc.), Well control Equipment, and the substructure 
[22]. After drilling, another major cost encountered in the casing and cementing processes. 
The impacts of this phase are numerous. First, the amount of water consumption for drilling and driving the well 
along with the cementing process, have to be estimated. The water scarcity index in the area of the fracking wells have 
to be calculated to determine the impact on drinking water availability. The second impact is the air pollution 
represented in diesel emissions and dust. The third impact is the water pollution resulting from drilling waste water 
contained in the drilled cuttings and the risk of faulty cementation which can cause gas leaks in the aquifers. The final 
impact is represented in the infrastructure use by the trucks used for hauling water, cement and well casings. 
4.4. Fracturing: 
This phase is the most important and expensive for the natural gas production. It is also the most impactful on the 
environment. The main cost center for this phase is represented in the array of different equipment, truck fleets and 
pumps that are necessary to complete this phase. The major equipment can be classified into (1) blending equipment 
(2) High pressure pumps, (3) monitoring units, (4) chemical additive units, (5) hauling and trucking and (6) 
Combination Fracturing Units [23]. These equipment includes but not limited to Sand Cans, Sand kings and mixers, 
wireline trucks and fracking pumps. 
There are a variety of impacts that needs assessment and estimation during the fracturing phase. This phase has the 
biggest impact when it comes to water consumption during the well stimulation. The air pollution in this phase is also 
very impactful considering the silica dust from the sand mixing process, the diesel fumes from the fracking pumps 
and the trucks transporting water, sand and chemical. The flow back fluid is a major source of water pollution 
considering its environmental toxicity and its cost of recycling. This phase exerts the most intensive strain on the 
infrastructure due to the excessive heavy hauling of water, sand and chemicals required for the fracturing phase.  
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4.5. Clean-Up  and Well Completion: 
The completion phase of fracking represents the beginning of the well production and a minimal cost is represented 
in the cleanup and removal of the fracturing equipment and providing the well heads and storage tanks (condensate 
tanks). However, one of the main air pollution impacts in this phase is flaring of the over pressure release of the well 
before stable production, which is responsible for the release of the most potent GHGs represented in methane CH4 
and carbon dioxide CO2. 
 
Table 2 is a summary of all of the fracking process life cycle phases. The table is identifying the initial cost centers 
for each phase and the impacts needs assessment for the four aforementioned environmental impacts represented in 
the Water consumption, air pollution, water pollution and the infrastructure use. 
Table 2. Impact Needs Assessment and Initial Cost Centers per each phase of the fracking process 
    Impacts Needs Assessment 
Fracking 
Process 
Life Cycle 
Phases 
Initial Costs Water Consumption 
Air Pollution (GHG 
& VOCs) 
Water Pollution & 
recycling demand 
Infrastructure Use 
Exploration 
& 
Acquisition 
·  Permits Drilling test wells 
(minimal) 
Diesel Emissions for 
drilling test wells 
N/A N/A 
·  Leases 
·  Royalties 
·   Exploration Equipment 
& personnel 
Site 
Preparation 
·  Access roads Deforestation (Not 
water consumption) 
Heavy Equipment 
Emissions 
N/A Hauling heavy 
equipment ·   Site clearing 
·  Earthwork  
·   Impoundment 
·   Well Pad 
Drilling 
·  Drilling rig erection  ·   Drilling water 
consumption 
Drilling rig diesel 
consumption (CH4, 
N2O, CO2) 
·   Drilling waste 
water  
Minimal 
·   Drilling rig operation ·  Casing and 
cementing water 
consumption 
·  Risk of faulty 
cementing and 
leakage 
·  Casing   
·   Cementing     
Fracturing 
·  Fracturing equipment  ·   Fracking fluid 
water consumption 
·  Diesel fumes Flow back water  Hauling Water, Sand 
& Chemicals ·   Fracturing fluid raw 
material 
·   Silica dust 
  ·   Waste water 
disposal (CH4, N2O, 
CO2) 
Well 
Completion 
·  Clean-up and 
equipment removal 
N/A Flaring Emissions 
(CH4, CO2) 
Well Produced 
water 
Minimal 
·   Well heads 
·  Storage tanks 
References: References: [24; 25; 26; 27; 28; 29] 
 
5. Discussion and Future Research 
A structured perspective of the fracking life cycle phases is extremely important to identify the impacts to be 
assessed across the different phases of the process life cycle. This paper is another step forward toward a 
comprehensive Life Cycle Cost (LCC) and Life Cycle Assessment (LCA) analysis. It identify the different initial cost 
centers and more importantly, the needs for assessment for most of the environmental impacts during the whole 
lifecycle of the fracking process, starting from exploration and acquisition until well completion. Although this can 
be considered a good starting point to build a LCC model for the fracking process, the actual costs are extremely hard 
to estimate, but not impossible. This is due to the variability across each element within each phase. For example, 
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some of the very noticeable variables are the wells per pad, the acreage of the pad, the water source, the well EUR 
and a lot more. This brings to attention that a LCC model have to be developed with a single case study in a specific 
geographic locations (fracking site) at first since different locations can be impacted in a dramatically different fashion. 
For example, a fracking pad in a dry desert will have no deforestation impact. Another challenges will be the amount 
and the accuracy of data gathering and the validation of the model for use across different locations with different 
environmental conditions and shale formations. 
In the meantime, it is worthy to note that the fracking industry is extremely volatile since it is directly affected by 
the global market gas prices. Therefore, the fracking industry can anticipate a sustained economy boom as in the last 
decade and also a sudden drop in some instances like in late 2015 where it can yield unfeasible. Future research to 
address LCC and LCA on the micro level is very beneficial. On the macro level, a benefit cost analysis of the fracking 
process should be linked to the overall energy production of the U.S. and the global prices of energy to find a balance 
point between the fossil fuel extraction and the renewable energy advancement and investments.  
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